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What is claimed is: 



1. In an imprcved photohardenable composition composed of a cationically 
polymerizable and frde radical polymerizable organic substance, a photo-generated acid 
precursor, a sensitizer Vor the photo-generated acid precursor and a free radical polymerization 
initiator wherein the inhprovement comprises: 

a) a mixture of Ahotopolymerizable resins consisting essentially of at least two epoxy 
resins one of which polymerizes at a slower rate and has a higher neat viscosity than at least one 
other epoxy resin present and [the epoxy resins are] said one of which epoxv resin is present at a 
concentration in the mix ure of from 5 to 25% by weight, and at least one monoacrylic monomer 
and at least one multi-aciylic monomer wherein the concentration of the monoacrylic monomer 
is from 0.12 to 0.90 parts by weight that of the multiacrylic monomer and wherein the ratio of 
the weight of the epoxy resins to that of the acrylic monomers is between 3 to 10; and 

b) a combination of a free radical initiator and a photo-generating acid precursor 
characterized by optical molar extinction coefficients and optimized for use with a multi- 

^r operating in the UV and producing two major wavelengths of 351 nm 
and 364 nm such that a normalized ratio of the extinction coefficients of the precursor and the 
initiator at one major wavelength is less than 3 times the ratio of extinction coefficient at a 
second major wavelength. 



2. A method for accurately fabricating an integral three dimensional article having 
improved green strength by controlling the diffusion of photoactivated molecular species in the 
regions of a photohardenable liquid composition exposed to actinic radiation, the method 
comprising the steps of: 

(a) forming a layer of the photohardenable liquid composition; 



(b) imagewise 
wavelengths of 351 nm 



exposing areas of at least a portion of the layers to actinic radiation at 
amd 364 nm; 



\ 

v 
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(c) introducing a new layer of liquid on to ttfe layer previously exposed imagewise in step 



(d) imagewise exposing at least a portion of the new liquid layer to actinic radiation, 
in the improvement comprises use of photohardenable liquid composition comprising: 

a) a mixture of photopolyme rizable resins consisting essentially of at least two 
epoxy resins one of which polymef izes at a slower rate and has a higher neat viscosity 
than at least one other epoxy resinf present and [the epoxy resins are] said one of which 
epoxy resin is present at a concentration in the mixture of from 5 to 25% by weight, and 
at least one monoacrylic monon/er and at least one multi acrylic monomer wherein the 
concentration of the monoacryMe monomer is from 0.12 to 0.90 parts by weight that of 
the multi-acrylate monomer arid wherein the ratio of the weight of the epoxy resins to 
that of the acrylic monomers is between 3 to 10; and 

b) a combination of d free radical initiator and a photo-generating acid precursor 
characterized by optical molar extinction coefficients and optimized for use with a multi- 
wavelength argon ion laser/operating in the UV and producing two major wavelengths of 
351 nm and 364 nm such that a normalized ratio of the extinction coefficients of the 
precursor and the initiator/at one major wavelength is less than 3 times the ratio of 
extinction coefficient at af second major wavelength. 



(b); 




A composition comprising 



a mixture of cationicallv polvmerizable components having. 




b) — / at least one high-viscositv, slow-curing cationicallv polvmerizable 
component; /and 



3) / at least one low- viscosity, fast-curing cationicallv polvmerizable 

component, aind 



at least onefradicallv polvmerizable component. 
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4. The composition of claim 3 wherein said composition further comprises at least 
one photo-generating acid precursor and at/least one free radical initiator. 

5. The composition of claim 3 whefein said/high-viscositv, slow-curing cationicallv 
polymerizable component has a viscosity of greater than 1000 poise @ 25°C. 

6. The composition of claim 3 wherein said high-viscosity, slow-curing cationicallv 
polymerizable component has a viscc/sitv of greater than 200 poise @ 52°C. 

7. The composition of claim 5 wherein said high-viscosity, slow-curing cationicallv 

polymerizable component has a softening point below 40°C. 

8. The composition of claim 3 wherein said mixture of cationicallv polymerizable 
components comprises from 5/to 25% by weight of said high-viscosity, slow- 
curing cationicallv polymerizable component. 

9. The composition of claim wherein said high-viscosity, slow-curing cationicallv 

polymerizable component/has a viscosity of greater than 1000 poise @ 25°C. 

10. The composition of claim 3 wherein said at least one radically polymerizable 
component includes at feast one mono-functional acrylate monomer. 

11. The composition of claim 10 wherein said at least one radically polymerizable 
component further in/cludes at leastone multi-functional acrylate monomer. 

12. The composition off claim 1 1 wherein the total amount of mono-functional 
acrylate monomers/ to the total amount of multi-functional acrylate monomers 
present in the composition, on a parts by weight basis relative to the total 
composition, is 0/12 to 0.9. 

13. The compositioj of claim 1 1 wherein the total amount of mono-functional 
acrylate monomers to the total amount of multi-functional acrylate monomers 
present in the c/omposition, on a parts by weight basis relative to the total 
composition, is 0.27 to 0.58. 
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14. The composition of claim 10 wherein/said at least one radically polymerizable 
component further includes at least one tri-functional acrylate monomer. 

15. The composition of claim 14 wherein the total amount of mono-functional 
acrylate monomers to the total amount of tri-functional acrylate monomers 
present in the composition, on/a parts by weight basis relative to the total 
composition, is 0.12 to 0.9. / 

16. The composition of claim V4 wherein the total amount of mono-functional 
acrylate monomers to the total amount of tri-functional acrylate monomers 
present in the composition, on a parts by weight basis relative to the total 
composition, is 0.27 to 0.58. 

17. The composition of claim 3 wherein said at least one radically polymerizable 
component further includes a blend of radically polymerizable monomers 
comprising said at least one mono-functional acrylate monomer and at least one 
multi-functional acrylate monomer. 

18. The composition of claim 17 wherein the ratio, on a weight basis, of said blend of 
radically polymerizable monomers to said mixture of cationically polymerizable 
components is from 3 to 10. 

19. The composition of claim 3 wherein said high viscosity, slow-curing cationically 
polymerizable component includes an epoxv phenolic novolac resin and/or an 
epoxv cresol riovolac resin. 

20. The composition of claim 19 wherein said epoxv phenolic novolac resin has a 
functionality of 3.6 or more. 

21. The composition of claim 3 wherein said low- viscosity, fast-curing cationically 
polymerizable component includes at least one cycloaliphatic epoxv. 

22. The composition of claim 4 wherein said composition further comprises a 
sensitizer for the photo- generated acid precursor. 



7* 



23. 



24. 



27. 



28. 



29. 
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The composition of claim 3 wherein said at least one radically polymerizable 
component includes tetrahvdrofurfurVI acrvlate, isobornyl acrvlate, laurvl acrvlate 
and/or caprolactone acrvlate. 



The composition of claim 3 wherfein said at least one radically polymerizable 
component includes a radically polymerizable compound having hydroxvl 
functionality. 



The composition of cl aim 3 Wherein said at least one radically polymerizable 

component includes caprolaotone acrvlate. 

26, A photohardenable composition comprising: 

a mixture of ca tiorucallv polymerizable resins consisting essentially of at 
least two epoxy resins w hferein a first epoxy resin polymerizes at a slower rate and 
has a higher neat viscositt/ than a second epoxy resin. 

at least one mono-functional acrylate monomer, 

a photo-generaied acid precursor, and 



a free radical polymerization initiator. 



The photohardenabfe composition of claim 26 wherein said composition further 
comprises a multi-ftmctional acrylate monomer. 



The photohardenable composition of claim 27 wherein the total amount of mono- 
functional acrylatfe m onomers to the total multi-functional acrvlate monomers 
present in the comp osition, on a parts by weight basis relative to the total 
composition, is 6.12 to 0.9. 



The photohardenable composition of claim 27 wherein the total amount of mono- 
functional acrVlate m onomers to the total amount of multi-functional acrvlate 
monomers present in t he composition, on a parts bv weight basis relative to the 
total composition, is 0.27 to 0.58. 



• 
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30. The photohardenable composition of claim 27 wherein the ratio, on a wei ght 

basis, of said mixture of cationically polvmerizable resins to said mono-functional 
acrylate and multi-functional acrvlate monon/ers is from 3 to 10. 

1L The photo hardenable composition of clainY26 wherein said first epoxy resin 

comprises an epoxv phenolic novolac res/n and/or an epoxy cresol novolac resin. 

32. The photohardenable composition of cl4im 3 1 wherein said epoxy phenolic 

novolac resin has a functionality of 3jb or more. 

13. The photo hardenable composition 6f claim 26 wherein said second epoxy resin 

comprises at least one cvcloaliphatic epoxv. 

3fL The photo hardenable composition of claim 26 wherein said composition further 

comprises a tri-functional acrylate monomer. 



35, The photohardenable composition of claim 26 wherein said at least one mono- 
functional ac rylate monomer includes tetrahvdrofurfurvl acrvlate, isoborny l 
acrylate, lauryl acrvlate and/or caprolactone acrvlate. 

3fL The photohardenable coix/position of claim 26 wherein said at least one mono- 
functional acrylate monc/mer includes a radically polvmerizable compound having 
hydroxyl functionality. 



37. 



The photohardenabl e Composition of claim 26 wherein said at least one mono- 
functional acrvlate monomer includes caprolactone acrvlate. 



38. 



The photohardenable composition of claim 26 wherein said composition further 
comprise s a sensitizer for the photo- generated acid precursor. 



39. 



A metho d for fabricating a three-dimensional article comprising: 
a. forming a/layer of a composition comprising. 



a mixturd of cationically polvmerizable components having, 
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40. 



i) at le ast one low-viscositv, fast-curing cationically 
polymerizable component, and 

ii) at l east one high-viscosW slow-curing cationically 
polymerizable component, and 

at least one radically polymerizable component; 



b. 



imagewis e exposing areas of at leafet a portion of the layer to actinic 
radiation: and 

introducing a new layer of sale/composition on to the layer previously 
exposed i magewise in step (bp and repeating step (b). 



The method of claim 39 wherein sa£id composition further comprises at least one 
photo-generating acid precursor qfrd at least one free radical initiator. 



4L The method of claim 3 9 whereifl said high- viscosity, slow-curing cationically 

polymerizable component has /a viscosity of greater than 1000 poise @ 25°C. 

42, The method of claim 3 9 wherein said high- viscosity, slow-curing cationically 

polymerizable component Bas a viscosity of greater than 200 poise @ 52°C. 

42= The method of claim 4 1 ^herein said high- viscosity, slow-curing cationically 

polymerizab le component has a softening point below 40°C. 

44= The method of claim 3 9 wherein said mixture of cationically polymerizable 

components comprises from 5 to 25% by weight of said high- viscosity, slow- 
curing cationically pblymerizable component. 

45, The met hod of claim 44 wherein said high- viscosity, slow-curing cationically 

polymerizable component has a viscosity of greater than 1000 poise @ 25°C. 

46= The method of claim 3 9 wherein said at least one radically polymerizable 

component includes at least one-mono-functional acrvlate monomer 
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The method of claim 46 wherein said at least one radically polvmerizable 
component further includes at least one multi-furictional acrvlate monomer. 



The method of claim 47 wherein the total amodnt of mono-functional acrvlate 
monomers to the to tal amount of multi-functional acrvlate monomers present in 
the composition, on a parts by weight basi/relative to the total composition, is 
0.12 to 0.9. / 

The method of clai m 47 wherein the tfltal amount of mono-functional acrvlate 
monomers to the total amount of multi-functional acrvlate monomers present in 
the composition, on a parts by wei/ht basis relative to the total composition, is 
0.27 to 0.58. / 

The method of claim 46 wherein said at least one radically polvmerizable 
component further i ncludes at least one tri-functional acrvlate monomer. 

The method of clai m 50 wherein the total amount of mono-functional acrvlate 
monomers to the total an/ount of tri-functional acrvlate monomers present in the 
c omposition, on a parts/bv weight basis relative to the total composition, is 0.12 to 
0.9. / 

The method of clai m 50 wherein the total amount of mono-functional acrvlate 
monomers to the tc/ta l amount of tri-functional acrvlate monomers present in the 
composition, on a/pa rts by weight basis relative to the total composition, is 0.27 to 
0.58. / 

The method of/claim 39 wherein said at least one radically polvmerizable 
compone nt further includes a blend of radically polvmerizable monomers 
comprising said at le ast one mono-functional acrvlate monomer and at least one 
multi-functional acrvlate monomer. 

The method of claim 53 wherein the ratio, on a weight basis, of said blend of 
radically polvmerizab le monomers to said mixture of cationicall v polvmerizable 
components is from 3 to 10. 
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^ The method of claim 39 wherein said high visco.ir y , slow'-curing rationally 

polymerizahle component includes an p P o XV nhenolic n^ yplac resin and/or an 
epoxv cresol novolac resin 

— The method of claim 55 w herei n said epoxv P hena4 novnlac r^in w 

functionality of 3.6 or more 

— T "e method of claim 39 wherein said low-vi^osity , fast-curing rationally 

polymerizable component includes at least/one cvcloalip hatic epnvy 

— ^ method of claim 5 5 wh e rein s aid lei-viscosity, fast-curing rationally 

polymerizable component include s at least one cycloaliphatic ep nxy 

— The method of claim 40 wherein saio comp osition further comp rise a 

for the photo -generated acid precu rsor 



60. 



A method of formi ng a phot ohardenahle composition comp rising- 



forming a mixture of epoxv r esins havinp a , first eooxv resin whirh 

polymerizes at a slower rat/and has a higher noat v iscosity than „ gP ^nH ^ y 
resin, and 

k mixing ir/a free radical polymerizahle substance 



— The method of claim farther comprising addin g a photo- gen^H ^ 

precursor, and a free /adical polymerizat ion initiator 

— T^ method of clainj 61 further comprising admixing a sensitizer for th. r >w„ 

generated.acid prec ursor 

~ ^ method of cla/m 60 wherein said free radical p olymerizahle <„h^n^ 

includes a multi -functional ac rvlate monompr 

~ ^ method of claim 60 wherein said free radical p olymerizahle snh.tanr. 

includes a tri-fi| nctional acrvlate monomer 



• 
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— T he method of claim 60 wherein said free ra dical polvmerizahle snhstanre 

includes a mo no-functional acrvlate monomer 



66. 



The method of claim 65 wherein said free rad ical polvmenV.able substance further 
includes a multi-functional acrylate monrime/ 



— The method of claim 65 where in said f /ee/adical polvmeri^ble s^stance further 

- includes a tri-functional acrvlate mon or 

— ^ method of claim 66 wherein the &tal amount of mono-functional acrvlate. 

monomers to the total am ount of m/lti-functional acrvlate monomers present in 
the composition, on a parts hy wefeht basis relative to the total comp osition, is 
0.1 2 to 0.9. 

— The method of claim 66 wheWn the total amoun t of mono-functio nal acrvlate. 

monomers to the total amoyin/ of multi-function al acrvlate monomers present in 
the composition, on a partly weight basi s relative to the total comp osition, is 
0.27 to 0.58. 

— T^ method of claim 60/vherein said free radial polvmerizahle snhst^e 

comprises a blend of jt/least one mono-fnnrti o nal acrvlate monomer and at least 
one multi-fun ctional Acrvlate monomer 

— T^ method of clai^O wherein the ratio, on „ wei^ t basis, of said mi^ ~f 

epoxy resins to saifl/free radical p oly merizable subs tance is from % to in 

1JL The method of cfrm 60 wherein said first ep oxv re S j n comp rises an epov y 

phenolic novol^ c resin and/or an e p oxv cresol novolac resin 

/ 

21 The method^ claim 72 wherein said epoxv p henolic novolar resin h ag « 

functionality of 3.6 or more. 



74. 



The methoft of claim 60 wherein said second ep OXV resin comp rises at least , 



i — — — — - one 

cycloaliphaac epoxy. 



4 
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75. The method of claim 60 wtterein saidjfirst epoxv resin has a viscosity of greater 
than 1000 poise @ 25°C^ 

16. The method of claim 60 wherein said first epoxv resin has a viscosity of greater 
than 200 poise @ 52J<C. 

77. The method of claim 76 whereyn said first epoxv resin has a softening point below 
40°C. I 

78. The method of claim 60 wh e rein sa4d mixture of epoxv resins comprises from 5 to 
25% by weight of said first/epoxy resin. 



79. 



The method of claim 75 therein said mixture of epoxv resins comprises from 5 to 
25% by weight of said fij-st eppxv resin. 

80. A composition comprising: 

a mixture of epoxVrasins>comprising from 5 to 25% by weight, relative to 
the total mixture, of aHeqgt one high- viscosity, slow-curing epoxv, wherein said 
high-viscosity, slox^curifag cationicallv polvmerizable component has a viscosity 
of greater than lOOQ f po/s^^25°C and a softening point below 40°C, and at least 
one low-viscosity, Ifastf^uring epoxv. 




a blend of afan^e^ftmctional monomers comprising at least one multi- 
functional acrvlatq monomer and at least one mono-functional acrylate, wherein 
the ratio of said at) least one mono-functional acrvlate monomer to said at least 
one multi-functioifyal acrylate monomer, on a parts by weight basis relative to the 
total composition/ is 0.12 to 0.9, 



at least one photo-generating acid precursor, and 



at least one free radical initiator. 



wherei n/ ihe ratio, on a weight basis, of said blend of epoxv resins and said 
blend of funct i onal acrvlate monomers is from 3 to 10. 



82. 



4 
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^ A method of forming a threg-d imensional^r ticle comp risin co- 
processing the compositio n o/claim 80 tp form a solid im ar 



A method of forming the com position of r]»\ m 80 comp rising 
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forming said comrAon bv combining mixture nf Pp nYy r . cinc poH 
blend of acrylate mnc^^norners. said at l«,,t nn e photo-gener.fina ^ 
precursor, and said atV^bne free^diral initio 




